NOAA Technical Memorandum NMFS-NWFSC-27

Status Review

of

West Coast Steelhead

from

Washington, Idaho, Oregon,
and California

Peggy J. Busby, Thomas C. Wainwright,
Gregory J. Bryant*, Lisa J. Lierheimer,
Robin S. Waples, F. William Waknitz,
and Irma V. Lagomarsino*

National Marine Fisheries Service

Northwest Fisheries Science Center

Coastal Zone and Estuarine Studies Division
2725 Montlake Blvd. E., Seattle, WA 98112-2097

and
*National Marine Fisheries Service
Southwest Region

Protected Species Management Division
501 W. Ocean Blvd., Suite 4200, Long Beach, CA 90802-4213

August 1996

U.S. DEPARTMENT OF COMMERCE

Michael Kantor, Secretary

National Oceanic and Atmospheric Administration
D. James Baker, Administrator

National Marine Fisheries Service
Rolland A. Schmitten, Assistant Administrator for Fisheries



“Among these fishermen one occasionally hears more or less protracted
discussions as to whether the fish are trout or steelheads, whether they belong to
the same species as the larger steelheads which enter the river, whether they
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other rivers, what is a steelhead anyway...” (Snyder 1925, p. 50).
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EXECUTIVE SUMMARY

In February 1994, the National Marine Fisheries Service (NMFS) received a petition
seeking protection under the Endangered Species Act (ESA) for 178 populations of steelhead
(anadromou®ncorhynchus mykisg Washington, Idaho, Oregon, and California. At the
time, NMFS was conducting a status review of coastal steelhead popul&ionsi(ideu$
in Washington, Oregon, and California. In response to the broader petition, NMFS expanded
the ongoing status review to include inland steelh@aa(. gairdnen occurring east of the
Cascade Mountains in Washington, Idaho, and Oregon. This report summarizes biological
and environmental information considered by the Biological Review Team (BRT) that
conducted the West Coast Steelhead Status Review.

The ESA allows listing of “distinct population segments” of vertebrates as well as
named species and subspecies. The policy of the NMFS on this issue for anadromous Pacific
salmonids is that a population will be considered “distinct” for purposes of the ESA if it
represents an evolutionarily significant unit (ESU) of the species as a whole. To be
considered an ESU, a population or group of populations must 1) be substantially
reproductively isolated from other populations, and 2) contribute substantially to the
ecological or genetic diversity of the biological species. Once an ESU is identified, a variety
of factors related to population abundance are considered in determining whether a listing is
warranted.

West Coast Steelhead ESUs

After considering available information on steelhead genetics, phylogeny and life
history, freshwater ichthyogeography, and environmental features that may affect steelhead,
the BRT identified 15 ESUs—12 for coastal steelhead and 3 for the inland form. The BRT
reviewed population abundance data and other risk factors for these steelhead ESUs and
concluded that five (Central California Coast, South-Central California Coast, Southern
California, Central Valley, and Upper Columbia River) are presently in danger of extinction,
five (Lower Columbia River, Oregon Coast, Klamath Mountains Province, Northern
California, and Snake River Basin) are likely to become endangered in the foreseeable future,
and four steelhead ESUs (Puget Sound, Olympic Peninsula, Southwest Washington, and
Upper Willamette River) are not presently in significant danger of becoming extinct or
endangered, although some individual stocks within these ESUs may be at risk. The BRT
concluded that the remaining steelhead ESU (Middle Columbia River) is not presently in
danger of extinction but was unable to reach a conclusion as to its risk of becoming
endangered in the foreseeable future.

The BRT concluded that, in general, the ESUs described below include resident
O. mykissn cases where they have the opportunity to interbreed with anadromous fish.
Resident populations above long-standing natural barriers, and those that have resulted from
the introduction of non-native rainbow trout, would not be considered part of the ESUSs.
Resident populations that inhabit areas upstream from human-caused migration barriers (e.g.,



viii

Grand Coulee Dam, the Hells Canyon Dam complex, and numerous smaller barriers in
California) may contain genetic resources similar to those of anadromous fish in the ESU, but
little information is available on these fish or the role they might play in conserving natural
populations of steelhead. The status, with respect to steelhead ESUs, of resident fish
upstream from human-caused migration barriers must be evaluated on a case-by-case basis as
more information becomes available.

Coastal Steelhead ESUs

1) Puget Sound—This ESU occupies river basins of the Strait of Juan de Fuca, Puget
Sound, and Hood Canal, Washington. Included are river basins as far west as the Elwha
River and as far north as the Nooksack River. This ESU is primarily composed of winter
steelhead but includes several populations of summer steelhead. The steelhead in this ESU
generally smolt at age 2 years, whereas most steelhead in British Columbia smolt at age 3.
Steelhead from this area are genetically distinct from those in other areas of Washington,
both chromosomally and electrophoretically. Habitat in the Puget Sound region is dominated
by glacial effects, including extensive alluvial floodplains, and the fjord-like structure of
Puget Sound itself may promote distinctive steelhead migration patterns. Recent population
trends within the Puget Sound ESU are predominantly downward; however, trends in the two
largest stocks (Skagit and Snohomish Rivers) have been upward. The BRT was concerned
about the large proportion of hatchery steelhead in Puget Sound and their origination
primarily from a single stock; however, most hatchery fish appear to have advanced run
timing and to be harvested prior to spawning, thus limiting their interactions with naturally
spawning steelhead. Another concern of the BRT was the lack of information on the
abundance and status of summer steelhead in this ESU.

2) Olympic Peninsula—This ESU occupies river basins of the Olympic Peninsula,
Washington, west of the Elwha River and south to, but not including, the rivers that flow into
Grays Harbor on the Washington coast. The Olympic Peninsula ESU is primarily composed
of winter steelhead but includes several populations of summer steelhead in the larger rivers.
Olympic Peninsula steelhead are genetically distinct from other steelhead ESUs; this
isolation is also supported by zoogeographic patterns of other species of fish and amphibians,
indicating a faunal shift in the vicinity of the Chehalis River Basin. Population trends within
this ESU are generally upward, with some stocks declining. As was the case with the Puget
Sound ESU, there is very little information regarding the abundance and status of summer
steelhead in this region, and there is also uncertainty regarding the degree of interaction
between hatchery and natural stocks.

3) Southwest Washingtor-This ESU occupies the tributaries to Grays Harbor,
Willapa Bay, and the Columbia River below the Cowlitz River in Washington and below the
Willamette River in Oregon. This ESU is primarily composed of winter steelhead but
includes summer steelhead in the Humptulips and Chehalis River Basins. Genetic data show
differentiation between steelhead of this ESU and those of adjacent regions. The ecological
connectivity of the region occupied by the Southwest Washington ESU is demonstrated by
similarities in riverine and estuarine ichthyofauna and current-driven sediment transfer from
the Columbia River to Grays Harbor and Willapa Bay. Most population trends within this
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ESU have been declining in the recent past. There is very little information regarding the
abundance and status of summer steelhead in this region, and there is also uncertainty
regarding the degree of interaction between hatchery and natural stocks.

4) Lower Columbia River—This ESU occupies tributaries to the Columbia River
between the Cowlitz and Wind Rivers in Washington and the Willamette and Hood Rivers in
Oregon, inclusive. Excluded are steelhead in the upper Willamette River Basin above
Willamette Falls (see ESU 5-Upper Willamette River), and steelhead from the Little and Big
White Salmon Rivers, Washington (see ESU 13-Middle Columbia River ESU). This ESU is
composed of both winter and summer steelhead. Genetic data show distinction between
steelhead of this ESU and adjacent regions, with a particularly strong difference between
coastal and inland steelhead in the vicinity of the Cascade Crest. The majority of stocks for
which we have data within this ESU have been declining in the recent past, but some have
been increasing strongly. However, the strongest upward trends are either non-native stocks
(Lower Willamette River and Clackamas River summer steelhead) or stocks that are
recovering from major habitat disruption and are still at low abundance (mainstem and North
Fork Toutle River). The data series for most stocks is quite short, so the preponderance of
downward trends may reflect the general coastwide decline in steelhead in recent years.

5) Upper Willamette River—This ESU occupies the Willamette River and its
tributaries upstream from Willamette Falls. The native steelhead of this basin are
late-migrating winter steelhead, entering fresh water primarily in March and April. This
unusual run timing appears to be an adaptation for ascending Willamette Falls, which
function as an isolating mechanism for upper Willamette River steelhead. Early migrating
winter steelhead and summer steelhead have been introduced to the Upper Willamette River
Basin; however, these non-native populations are not components of this ESU. Native winter
steelhead within this ESU have been declining on average since 1971 and have exhibited
large fluctuations in abundance. The main production of native (late-run) winter steelhead is
in the North Fork Santiam River, where estimates of hatchery proportion in natural spawning
range from 14% to 54%.

6) Oregon Coast—This ESU occupies river basins on the Oregon coast north of
Cape Blanco; excluded are rivers and streams that are tributaries of the Columbia River (see
ESU 3-Southwest Washington). Native Oregon Coast steelhead are primarily winter
steelhead; native summer steelhead occur only in the Siletz and Umpqua River Basins.
Recent genetic data for steelhead in this ESU show a level of differentiation from populations
from Washington, the Columbia River Basin, and coastal areas south of Cape Blanco. Ocean
migration patterns also suggest a distinction between steelhead populations north and south
of Cape Blanco. Steelhead, as well as chin@kghawytscheand coho@. kisutch
salmon, from streams south of Cape Blanco tend to be south-migrating rather than
north-migrating. Most steelhead populations within this ESU have been declining in the
recent past, with increasing trends restricted to the southernmost portion (south of Siuslaw
Bay). There is widespread production of hatchery steelhead within this ESU, largely based
on out-of-basin stocks, and approximately half of the streams (including the majority of those
with upward trends) are estimated to have more than 50% hatchery fish in natural spawning
escapements. Given the substantial contribution of hatchery fish to natural spawning



throughout the ESU and the generally declining or slightly increasing trends, it is likely that
natural stocks are not replacing themselves throughout the ESU.

7) Klamath Mountains Province—This ESU occupies river basins from the Elk
River in Oregon to the Klamath and Trinity Rivers in California, inclusive. This ESU
includes both winter and summer steelhead. Steelhead from this region are genetically
distinct from populations to the north and south. The “half-pounder” life history is reported
only from this region. The Klamath Mountains Province is a unique geographical area with
unusual geology and plant communities. While absolute abundance of steelhead within the
ESU remains fairly high, since about 1970 trends in abundance have been downward in most
steelhead populations for which we have data, and a number of populations are considered by
various agencies and groups to be at some risk of extinction. Declines in summer steelhead
populations are of particular concern. This ESU was previously studied under a separate
status review that was completed in December 1994 (Busby et al. 1994).

8) Northern California—This ESU occupies river basins from Redwood Creek in
Humboldt County, California south to the Gualala River, inclusive, and includes winter and
summer steelhead. Allozyme and mitochondrial DNA data indicate genetic discontinuities
between steelhead of this region and those to the north and south. Freshwater fish species
assemblages in this region are derived from the Sacramento River Basin, whereas streams to
the north include fishes representative of the Klamath-Rogue ichthyofaunal province.
Population abundances are very low relative to historical estimates, and recent trends are
downward in stocks for which we have data, except for two small summer steelhead stocks.
Summer steelhead abundance is very low. Risk factors identified for this ESU include
freshwater habitat deterioration due to sedimentation and flooding related to land
management practices and introduced Sacramento squawfish as a predator in the Eel River.
For certain rivers (particularly the Mad River), the BRT is concerned about the influence of
hatchery stocks, both in terms of genetic introgression and potential ecological interactions
between introduced stocks and native stocks.

9) Central California Coast—This ESU occupies river basins from the Russian
River to Soquel Creek, Santa Cruz County (inclusive) and the drainages of San Francisco and
San Pablo Bays; excluded is the Sacramento-San Joaquin River Basin of the Central Valley
of California. Mitochondrial DNA and allozyme data indicate genetic differences between
the steelhead from this region and those from adjacent areas. Environmental features
(e.g., precipitation patterns, vegetation, and soils) show a transition in this region from the
northern redwood forest ecosystem to the more xeric southern chaparral and coastal scrub
ecosystems. Steelhead populations within the major streams occupied by this ESU appear to
be greatly reduced from historical levels; for example, steelhead abundance in the Russian
River has been reduced roughly sevenfold since the mid-1960s, but abundance in smaller
streams appears to be stable at low levels. The primary risk factor for this ESU is
deteriorated habitat due to sedimentation and flooding related to land management practices.
Uncertainty regarding the genetic heritage of the natural populations in tributaries to San
Francisco and San Pablo Bays makes it difficult to determine which of these populations
should be considered part of the ESU.
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10) South-Central California Coast—This ESU occupies rivers from the Pajaro
River, Santa Cruz County to (but not including) the Santa Maria River. Mitochondrial DNA
data provide evidence for a genetic transition in the vicinity of Monterey Bay. Both mtDNA
and allozyme data show large genetic differences between populations in this area, but do not
provide a clear picture of population structure. The climate in this region is drier and warmer
than it is to the north, resulting in chaparral and coastal scrub vegetation and stream mouths
that are closed seasonally by sand berms. In addition to vegetation transitions, the northern
end of this region is the southern limit of the distribution of coho salmon. The southern
boundary of this ESU is near Point Conception, a well-recognized transition area for the
distribution and abundance of marine flora and fauna. Total abundance of steelhead in this
ESU is extremely low and declining. Risk factors for this ESU are habitat deterioration due
to sedimentation and flooding related to land management practices and potential genetic
interaction with hatchery rainbow trout.

11) Southern California—This ESU occupies rivers from the Santa Maria River to
the southern extent of the species range. Steelhead occur at least as far south as Malibu
Creek, Los Angeles County, and may have historically occurred as far south as the
U.S.-Mexico border. Genetic data show large differences between steelhead populations
within this ESU as well as between these and populations to the north. Average rainfall is
substantially lower and more variable in southern California than in regions to the north,
resulting in increased duration of sand berms across the mouths of streams and rivers and, in
some cases, complete dewatering of the lower reaches of these streams from late spring
through fall. This affects steelhead migration patterns, as well as the ability to residualize
and survive elevated water temperatures. Steelhead have already been extirpated from much
of their historical range in this region. The BRT had a strong concern about the widespread
degradation, destruction, and blockage of freshwater habitats within the region, and the
potential results of continuing habitat destruction and water allocation problems. There was
also concern about the genetic effects of widespread stocking of rainbow trout.

12) Central Valley—This ESU occupies the Sacramento and San Joaquin Rivers and
their tributaries. Recent allozyme data show that samples of steelhead from Deer and Mill
Creeks and Coleman National Fish Hatchery on the Sacramento River are well differentiated
from all other samples of steelhead from California. The Sacramento and San Joaquin Rivers
offer the only migration route to the drainages of the Sierra Nevada and southern Cascade
mountain ranges for anadromous fish. The distance from the ocean to spawning streams can
exceed 300 km, providing unique potential for reproductive isolation among steelhead in
California. Steelhead have already been extirpated from most of their historical range in this
region. Habitat concerns in this ESU focus on the widespread degradation, destruction, and
blockage of freshwater habitats within the region, and the potential results of continuing
habitat destruction and water allocation problems. The BRT also had a strong concern about
the pervasive opportunity for genetic introgression from hatchery stocks within the ESU, and
a strong concern for potential ecological interactions between introduced stocks and native
stocks.
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Inland Steelhead ESUs

13) Middle Columbia River—This ESU occupies the Columbia River Basin from
above the Wind River in Washington and the Hood River in Oregon upstream to include the
Yakima River, Washington. Steelhead of the Snake River Basin are not included. This ESU
includes the only populations of winter inland steelhead in the United States, in the Klickitat
River and Fifteenmile Creek. Some uncertainty exists about the exact boundary between
coastal and inland steelhead, and the western margin of this ESU reflects currently available
genetic data. There is good genetic and meristic evidence to separate this ESU from
steelhead of the Snake River Basin. The boundary upstream of the Yakima River is based on
limited genetic information and environmental differences including physiographic regions,
climate, topography, and vegetation. All BRT members felt special concern for the status of
this ESU, particularly Yakima River and winter steelhead stocks. Total steelhead abundance
in the ESU appears to have been increasing recently, but the majority of natural stocks for
which we have data within this ESU have been declining, including those in the John Day
River, which is the largest producer of wild, natural steelhead. There is widespread
production of hatchery steelhead within this ESU, but it is largely based on within-basin
stocks. Habitat degradation due to grazing and water diversions has been documented
throughout the range of the ESU.

14) Upper Columbia River—This ESU occupies the Columbia River Basin
upstream from the Yakima River. All upper Columbia River steelhead are summer
steelhead. The streams of this region that are utilized by steelhead primarily drain the
northern Cascade Mountains of Washington State. Streamflow is supplied by snowmelt,
groundwater, and glacial runoff, often resulting in extremely cold water temperatures that
retard the growth and maturation of steelhead juveniles, causing some of the oldest smolt
ages reported for steelhead and residualization of juvenile steelhead that fail to smolt. All
anadromous fish in this region were affected by the Grand Coulee Fish Maintenance Project
(1939 through 1943), wherein anadromous fish returning to spawn in the upper Columbia
River were trapped at Rock Island Dam, downstream of the Wenatchee River. Some of these
fish were then released to spawn in river basins above Rock Island Dam, while others were
spawned in hatcheries and the offspring were released into various upper Columbia River
tributaries; in both cases, no attempt was made to return these fish to their natal streams,
resulting in an undetermined level of stock mixing within the upper Columbia River fish.
While total abundance of populations within this ESU has been relatively stable or
increasing, this appears to be true only because of major hatchery supplementation programs.
Estimates of the proportion of hatchery fish in spawning escapement are 65% (Wenatchee
River) and 81% (Methow and Okanogan Rivers). The major concern for this ESU is the
clear failure of natural stocks to replace themselves. The BRT also had a strong concern
about problems of genetic homogenization due to hatchery supplementation within the ESU.
There was also concern about the apparent high harvest rates on steelhead smolts in rainbow
trout fisheries and the degradation of freshwater habitats within the region, especially the
effects of grazing, irrigation diversions, and hydroelectric dams.
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15) Snake River Basir—This ESU occupies the Snake River Basin of southeast
Washington, northeast Oregon, and Idaho. This region is ecologically complex and supports
a diversity of steelhead populations; however, genetic and meristic data suggest that these
populations are more similar to each other than they are to steelhead populations occurring
outside of the Snake River Basin. Snake River Basin steelhead spawning areas are well
isolated from other populations and include the highest elevations for spawning (up to
2,000 m) as well as the longest migration distance from the ocean (up to 1,500 km). Snake
River steelhead are often classified into two groups, A- and B-run, based on migration
timing, ocean age, and adult size. While total (hatchery + natural) run size for Snake River
steelhead has increased since the mid-1970s, the increase has resulted from increased
production of hatchery fish, and there has been a severe recent decline in natural run size.
The majority of natural stocks for which we have data within this ESU have been declining.
Parr densities in natural production areas have been substantially below estimated capacity in
recent years. Downward trends and low parr densities indicate a particularly severe problem
for B-run steelhead, the loss of which would substantially reduce life history diversity within
this ESU. The BRT had a strong concern about the pervasive opportunity for genetic
introgression from hatchery stocks within the ESU. There was also concern about the
degradation of freshwater habitats within the region, especially the effects of grazing,
irrigation diversions, and hydroelectric dams.
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INTRODUCTION

The U.S. Endangered Species Act (ESA) is intended to conserve threatened and
endangered species in their native habitats. Under the ESA, vertebrate populations are
considered “species” if they are “distinct.” According to National Marine Fisheries Service
(NMFES) policy, a salmon population or group of populations is considered “distinct” and
hence a “species” under the ESA if it represents an evolutionarily significant unit (ESU) of
the biological species.

The NMFS has received three petitions to list populations of steelhead (anadromous
Oncorhynchus mykisas threatened or endangered “species” under the ESA. The ESA
stipulates that, if a petition is found to present substantial information that a listing may be
warranted, NMFS must conduct a status review and issue a determination on its findings
within 1 year. On 6 May 1992, NMFS was petitioned by the Oregon Natural Resources
Council and 10 co-petitioners to list Oregon’s lllinois River winter steelhead (ONRC et al.
1992). NMFS concluded that lllinois River winter steelhead by themselves did not constitute
an ESA “species” (Busby et al. 1993, NMFS 1993a). At the same time, however, NMFS
initiated a status review of coastal steelhead populations to identify the ESU that includes
lllinois River winter steelhead. This status review has been completed and resulted in the
identification of a Klamath Mountains Province ESU that includes steelhead from the lllinois
River (Busby et al. 1994); NMFS has proposed listing this ESU as threatened (NMFS 1995).

Washington Trout (1993) petitioned NMFS on 21 September 1993 for ESA listing of
Washington’s Deer Creek summer steelhead. As was the case with lllinois River winter
steelhead, NMFS determined that Deer Creek summer steelhead did not by themselves
constitute an ESU (NMFS 1994D).

On 16 February 1994, Oregon Natural Resources Council and 15 co-petitioners asked
NMFS to list all steelhead in Washington, Idaho, Oregon, and California as threatened or
endangered under the ESA (ONRC et al. 1994). The petitioners identified 178 stocks of
steelhead of special concern and included information on stock origin, stock status, and
factors affecting their abundance.

Scope and Intent of the Present Document

This document addresses the ONRC et al. (1994) petition and presents environmental
and biological information concerning steelhead populations in Washington, ldaho, Oregon,
and California (Fig. 1). These will be collectively referred to in this documemésiscoast
steelhead The Klamath Mountains Province ESU of southwest Oregon and northwest
California has been reviewed in detail elsewhere (Busby et al. 1994) and, therefore, will only
be summarized in the present document.

Because the ESA stipulates that listing determinations should be made on the basis of
the best scientific information available, NMFS formed a team of scientists with diverse
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Figure 1. Map of the region occupied by west coast steelhead from the states
of Washington, Idaho, Oregon, and California.



backgrounds in salmon biology to conduct this status review. This Biological Review Team
(BRT) discussed and evaluated scientific information contained in an extensive public record
developed for west coast steelhead. This document reports conclusions reached by the BRT
for west coast steelhead. These conclusions are subject to revision should important new
information arise in the future.

Key Questions in ESA Evaluations

In determining whether a listing under the ESA is warranted, two key questions must
be addressed:

1) Is the entity in question a “species” as defined by the ESA?
2) If so, is the “species” threatened or endangered?

These two questions are addressed in separate sections of this report. If it is determined that
a listing(s) is warranted, then NMFS is required by law (1973 ESA Sec. 4(a)(1)) to identify
one or more of the following factors responsible for the species’ threatened or endangered
status: 1) destruction or modification of habitat; 2) overutilization by humans; 3) disease or
predation; 4) inadequacy of existing regulatory mechanisms; or 5) other natural or human
factors. This status review does not formally address factors for decline, except insofar as
they provide information about the degree of risk faced by the species in the future. A
separate document (NMFS in press a) identifies factors for decline of west coast steelhead.

The “Species” Question

As amended in 1978, the ESA allows listing of “distinct population segments” of
vertebrates as well as named species and subspecies. However, the ESA provides no specific
guidance for determining what constitutes a distinct population, and the resulting ambiguity
has led to the use of a variety of approaches for considering vertebrate populations. To
clarify the issue for Pacific salmon, NMFS published a policy describing how the agency will
apply the definition of “species” in the ESA to anadromous salmonid species, including
sea-run cutthroat trout and steelhead (NMFS 1991). A more detailed discussion of this topic
appeared in the NMFS “Definition of Species” paper (Waples 1991b). The NMFS policy
stipulates that a salmon population (or group of populations) will be considered “distinct” for
purposes of the ESA if it represents an evolutionarily significant unit (ESU) of the biological
species. An ESU is defined as a population that 1) is substantially reproductively isolated
from conspecific populations and 2) represents an important component of the evolutionary
legacy of the species.

The term “evolutionary legacy” is used in the sense of “inheritance’—that is,
something received from the past and carried forward into the future. Specifically, the
evolutionary legacy of a species is the genetic variability that is a product of past
evolutionary events and that represents the reservoir upon which future evolutionary potential
depends. Conservation of these genetic resources should help to ensure that the dynamic
process of evolution will not be unduly constrained in the future.



The NMFS policy identifies a number of types of evidence that should be considered
in the species determination. For each of the two criteria (reproductive isolation and
evolutionary legacy), the NMFS policy advocates a holistic approach that considers all types
of available information as well as their strengths and limitations. Isolation does not have to
be absolute, but it must be strong enough to permit evolutionarily important differences to
accrue in different population units. Important types of information to consider include
natural rates of straying and recolonization, evaluations of the efficacy of natural barriers, and
measurements of genetic differences between populations. Data from protein electrophoresis
or DNA analyses can be particularly useful for this criterion because they reflect levels of
gene flow that have occurred over evolutionary time scales.

The key question with respect to the second criterion is, If the population became
extinct, would this represent a significant loss to the ecological or genetic diversity of the
species? Again, a variety of types of information should be considered. Phenotypic and life
history traits such as size, fecundity, migration patterns, and age and time of spawning may
reflect local adaptations of evolutionary importance, but interpretation of these traits is
complicated by their sensitivity to environmental conditions. Data from protein
electrophoresis or DNA analyses provide valuable insight into the process of genetic
differentiation among populations but little direct information regarding the extent of
adaptive genetic differences. Habitat differences suggest the possibility for local adaptations
but do not prove that such adaptations exist.

The “Extinction Risk” Question

The ESA (section 3) defines the term “endangered species” as “any species which is
in danger of extinction throughout all or a significant portion of its range.” The term
“threatened species” is defined as “any species which is likely to become an endangered
species within the foreseeable future throughout all or a significant portion of its range.”
NMFS considers a variety of information in evaluating the level of risk faced by an ESU.
Important considerations include 1) absolute numbers of fish and their spatial and temporal
distribution; 2) current abundance in relation to historical abundance and carrying capacity of
the habitat; 3) trends in abundance, based on indices such as dam or redd counts or on
estimates of recruit-to-spawner ratios; 4) natural and human-influenced factors that cause
variability in survival and abundance; 5) possible threats to genetic integrity (e.g., selective
fisheries and interactions between hatchery and natural fish); and 6) recent events (e.g., a
drought or a change in management) that have predictable short-term consequences for
abundance of the ESU. Additional risk factors, such as disease prevalence or changes in life
history traits, may also be considered in evaluating risk to populations.

According to the ESA, the determination of whether a species is threatened or
endangered should be made on the basis of the best scientific information available regarding
its current status, after taking into consideration conservation measures that are proposed or
are in place. In this review, we do not evaluate likely or possible effects of conservation
measures. Therefore, we do not make recommendations as to whether identified ESUs
should be listed as threatened or endangered species, because that determination requires
evaluation of factors not considered by us. Rather, we have drawn scientific conclusions



about the risk of extinction faced by identified ESUs under the assumption that present
conditions will continue (recognizing, of course, that natural demographic and environmental
variability is an inherent feature of “present conditions”). Conservation measures will be
taken into account by the NMFS Northwest and Southwest Regional Offices in making

listing recommendations (see NMFS in press b for a discussion of conservation measures for
west coast steelhead).

Artificial Propagation

NMFS policy (Hard et al. 1992, NMFS 1993Db) stipulates that in determining
1) whether a population is distinct for purposes of the ESA, and 2) whether an ESA species is
threatened or endangered, attention should focus on “natural” fish, which are defined as the
progeny of naturally spawning fish (Waples 1991b). This approach directs attention to fish
that spend their entire life cycle in natural habitat and is consistent with the mandate of the
ESA to conserve threatened and endangered species in their native ecosystems. Implicit in
this approach is the recognition that fish hatcheries are not a substitute for natural
ecosystems.

Nevertheless, artificial propagation is important to consider in ESA evaluations of
anadromous Pacific salmonids for several reasons. First, although natural fish are the focus
of ESU determinations, possible effects of artificial propagation on natural populations must
also be evaluated. For example, stock transfers might change the genetic or life history
characteristics of a natural population in such a way that the population might seem either
less or more distinctive than it was historically. Artificial propagation can also alter life
history characteristics such as smolt age and migration and spawn timing. Second, artificial
propagation poses a number of risks to natural populations that may affect their risk of
extinction or endangerment. These risks are discussed below in the “Assessment of
Extinction Risk” section. In contrast to most other types of risk for salmon populations,
those arising from artificial propagation are often not reflected in traditional indices of
population abundance. For example, to the extent that habitat degradation, overharvest, or
hydropower development have contributed to a population’s decline, these factors will
already be reflected in population abundance data and accounted for in the risk analysis. The
same is not true of artificial propagation. Hatchery production may mask declines in natural
populations that will be missed if only raw population abundance data are considered.
Therefore, a true assessment of the viability of natural populations cannot be attained without
information about the contribution of naturally spawning hatchery fish. Furthermore, even if
such data are available, they will not in themselves provide direct information about possibly
deleterious effects of fish culture. Such an evaluation requires consideration of the genetic
and demographic risks of artificial propagation for natural populations. The sections on
artificial propagation in this report are intended to address these concerns.

Finally, if any natural populations are listed under the ESA, then it will be necessary
to determine the ESA status of all associated hatchery populations. This latter determination
would be made following a proposed listing and is not considered further in this document.



Summary of the West Coast Steelhead Petition

The petition of February 1994 was filed by Oregon Natural Resources Council,
California Sport Fishing Protection Alliance, Coast Range Association, Fish in Northwest
Streams, Greater Ecosystem Alliance, National Wildlife Federation, Oregon Wildlife
Federation, Pilchuck Audubon Society, Quilcene Ancient Forest Coalition, Rivers Council of
Washington, Save the West, Siskiyou Audubon Society, Siskiyou Regional Educational
Project, Trout Unlimited of Oregon, University of Oregon Survival Center, and Western
Ancient Forest Campaign. The petition called upon the Secretary of Commerce to list
“anadromous steelhead tro@r{corhynchus myki¥sin Washington, Idaho, Oregon, and
California according to one of four alternatives presented: 1) all steelhead, 2) summer and
winter “races,” 3) each steelhead ESU, or 4) each of 178 individual stocks described in the
petition.

Petitioners’ “Definition of Species and Application to Steelhead Trout”

The petitioners focus on the anadromous for® ofnykissstating that “the common
fish culture practice of keeping separate brood stock for steelhead and resident rainbow trout
during captive breeding is the most obvious empirical proof for a genetic basis of anadromy”
(ONRC et al. 1994, p. 7). Among anadromous steelhead, homing is seen as an effective
mechanism for developing “distinct fish stocks” and “maintaining their genetic integrity”
(ONRC et al. 1994, p. 7).

Summer steelhead-The petition states that summer steelhead are reproductively
isolated from other steelhead temporally by migration and spawn timing and spatially
through spawning “in small tributaries generally not used by winter run steelhead” (ONRC
et al. 1994, p. 8). The petition states that “summer steelhead are evolutionarily significant
because of time of migration, state of gonadal maturity at migration, and location of
spawning” (ONRC et al. 1994, p. 8).

A- and B-run steelhead—The petition states that B-run summer steelhead from the
Clearwater and Salmon Rivers, Idaho differ from A-run steelhead based on “greater body
size at a given ocean age,” ... “late run timing, older average ocean age, and long river
migration,” and, therefore are evolutionarily significant (ONRC et al. 1994, p. 8).

Half-pounders—The petition states that the half-pounder life histofysteelhead
from the Rogue, Klamath, Mad, and Eel Rivers is evolutionarily significant.

! Thehalf-pounderSnyder 1925) is a life-history trait of steelhead that is found only in the
Rogue, Klamath, Mad, and Eel Rivers of southern Oregon and northern California. Follow-
ing smoltification, half-pounders spend only 2-4 months in the ocean, then return to fresh
water. They overwinter in fresh water and emigrate to salt water again the following spring.
This is often termed a false spawning migration, as few half-pounders are sexually mature.



Southern steelhead-The petition states that southern steelheathprise an ESU
based on the following: 1) “they are the southernmost distribution of native steelhead in
North America,” 2) they utilize seasonally warm rivers and streams that frequently have
dewatered reaches, 3) they occupy habitat that is different from that north of San Francisco,
4) they have lower smolt age and older ocean age, and 5) "southern steelhead may breed as
metapopulations that allow for recolonization of streams after prolonged drought” (ONRC
et al. 1994, p. 9).

INFORMATION RELATING TO THE SPECIES QUESTION

In this section, we summarize biological and environmental information that is

relevant to determining the nature and extent of west coast steelhead ESUs. Again, in this
documentwest coast steelheadfers to steelhead in the states of Washington, ldaho,
Oregon, and California. We considered information on steelhead from other locations, such
as Alaska and British Columbia, in addressing the species question. However, they are not
included in the phrase west coast steelhead and, when discussed in this document, they are
specifically mentioned.

Groupings of Oncorhynchus mykiss

The biological specie®ncorhynchus mykiss phylogenetically and ecologically
complex. The diversity of morphology and life history within this presently recognized
species has led to many classification schemes, including that of David Starr Jordan that
included “32 full species, which are presently referable to the diversity within rainbow and
cutthroat trout . clarki]” (Behnke 1992, p. 6). The volumes of work on this species have
resulted in the recognition of several groups within the species and the development of
terminology unique t®. mykiss As these terms will be used extensively in this document,
they are introduced here.

Phylogenetic Groups

Two major genetic groups @. mykissare presently recognized in North America:
theinland andcoastalgroups, generally separated in the Fraser and Columbia River Basins
in the vicinity of the Cascade crest (Huzyk and Tsuyuki 1974, Allendorf 1975, Utter and
Allendorf 1977, Okazaki 1984, Parkinson 1984, Schreck et al. 1986, Reisenbichler et al.
1992). Both inland and coastal steelhead occur in British Columbia, Washington, and
Oregon; Idaho has only inland steelhead; California is thought to have only coastal steelhead.
These genetic groups apply to both anadromous and nonanadromous formsysfssthat

2 A precise definition for southern steelhead does not exist. As described in the petition,
these are steelhead from the southern limit of the species range to as far north as San Luis
Obispo County or Monterey County, or south of San Francisco Bay.



is, rainbow (redband) trout east of the Cascades are genetically more similar to steelhead
from east of the Cascades than they are to rainbow trout west of the Cascades. Behnke
(1992) has proposed that the two forms should be considered subspecies and suggested the
nameO. mykiss irideuandO. m. gairdnerifor the coastal and inland forms, respectively.
Other subgroups of the spec@smykisghat may be involved in a discussion of west coast
steelhead are the redband trout of the upper Klamath and upper Sacramento River Basins
(O. m. newberriandO. m. stongiBehnke 1992), see Table 1.

Life History Variations

Oncorhynchus mykiss considered by many to have the greatest diversity of life
history patterns of any Pacific salmonid species (Shapovalov and Taft 1954, Barnhart 1986),
including varying degrees of anadromy, differences in reproductive biology, and plasticity of
life history between generations.

Reproductive ecotypes—Within the range of west coast steelhead, spawning
migrations occur throughout the year, with seasonal peaks of activity. In a given river basin
there may be one or more peaks in migration activity; since thasare usually named for
the season in which the peak occurs, some rivers may have runs known as winter, spring,
summer, or fall steelhead. For example, large rivers, such as the Columbia, Rogue, and
Klamath Rivers, have migrating adult steelhead at all times of the year. Through time, the
names of seasonal runs have generally been simplified, especially in the Pacific Ngrthwest
to two: winter and summer steelhead. There are local variations in the names used to
identify the seasonal runs of steelhead; in northern California, some biologists have retained
the use of the terms spring and fall steelhead to describe what others would call summer
steelhead.

Biologically, steelhead can be divided into two basic reproductive ecotypes, based on
the state of sexual maturity at the time of river entry and duration of spawning migration
(Burgner et al. 1992). Thatream-maturingype (commonly known as fall steelhead in
Alaska, summer steelhead in the Pacific Northwest and northern California) enters fresh
water in a sexually immature condition and requires several months to mature and spawn.
Theocean-maturingype (spring steelhead in Alaska, winter steelhead elsewhere) enters
fresh water with well-developed gonads and spawns shortly thereafter. This document
generally uses the terms summer steelhead to refer to the stream-maturing type and winter
steelhead to refer to the ocean-maturing type.

In the Pacific Northwest, steelhead that enter fresh water between May and October
are considered summer steelhead, and steelhead that enter fresh water between November
and April are considered winter steelhead. Variations in migration timing exist between
populations, although there is considerable overlap. Some river basins have both summer
and winter steelhead; others have only one type. It appears that the summer, or
stream-maturing, steelhead occur where habitat is not fully utilized by winter steelhead;
summer steelhead usually spawn farther upstream than winter steelhead (Withler 1966,

3 The Pacific Northwest includes the states of Washington, Idaho, and Oregon.



Table 1. Proposed taxonomy of various forms (subspecies) of Oncorhynchus mykiss (Behnke

1992).

Scientific name

Common name and comments

Rainbow trout of coastal basins

O. mykiss irideus

0. mykiss mykiss

Redband trout of northern inland basins

O. mykiss gairdneri

Redband trout of eastern Oregon basins

O. mykiss newberrii

(no name given)

Redband trout of the Sacramento Basin
O. mykiss aguabonita
O. mykiss gilberti

O. mykiss stonei

Coastal rainbow trout from Alaska to
California (anadromous form is called
steelhead)

Kamchatka rainbow trout or mikizha
(anadromous form is called steelhead)

Columbia redband trout of the Columbia and
Fraser River Basins east of the Cascades,
including Kamloops trout (anadromous form is
called steelhead)

Upper Klamath redband trout (including Upper
Klamath Lake)

Oregon desert basin redband trout (other than
Upper Klamath Lake)

California golden trout
Kern and Little Kern River golden trout

Sacramento redband trout (McCloud River
subspecies)
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Roelofs 1983, Behnke 1992). In rivers where the two types co-occur, they are often
separated by a seasonal hydrologic barrier, such as a waterfall. Coastal streams are
dominated by winter steelhead, whereas inland steelhead of the Columbia River Basin are
almost exclusively summer steelhead. Winter steelhnead may have been excluded from inland
areas of the Columbia River Basin by Celilo Falls, or by the great migration distance from

the ocean. The Sacramento-San Joaquin River Basin historically may have had multiple runs
of steelhead that probably included both ocean-maturing and stream-maturing stocks (CDFG
1995, McEwan and Jackson 1996, McEfyarCurrently, the steelhead of this region are

referred to as winter steelhead by the California Department of Fish and Game (CDFG);
however, some biologists call them fall steelhead (Cramer et. al 1995). It is thought that
hatchery practices and modifications in the hydrology of the basin caused by large-scale
water diversions may have altered the migration timing of steelhead in this basin (McEwan
footnote 4).

A- and B-run steelhead—Inland steelhead of the Columbia River Basin, especially
the Snake River Subbasin, are commonly referred to as Aiharor B-run. These
designations are based on the observation of a bimodal migration of adult steelhead at
Bonneville Dam (Columbia River river kilometer (RKm) 235) and differences in age (1-
versus 2-ocean) and adult size observed among Snake River steelhead. Adult A-run
steelhead enter fresh water from June to August; as defined, the A-run passes Bonneville
Dam before 25 August (CBFWA 1990, IDFG 1994). Adult B-run steelhead enter fresh water
from late August to October, passing Bonneville Dam after 25 August (CBFWA 1990, IDFG
1994). Above Bonneville Dam (e.g., at Lower Granite Dam on the Snake River, 695 km
from the mouth of the Columbia River), run-timing separation is not observed, and the
groups are separated based on ocean age and body size (IDFG 1994). A-run steelhead are
defined as predominately age-1-ocean, while B-run steelhead are defined as age-2-ocean
(IDFG 1994). Adult B-run steelhead are also thought to be on average 75-100 mm larger
than A-run steelhead of the same age; this is attributed to their longer average residence in
salt water (Bjornn 1978, CBFWA 1990, CRFMP TAC, 1991). Itis unclear, however, if the
life history and body size differences observed upstream have been correlated back to the
groups forming the bimodal migration observed at Bonneville Dam. Furthermore, the
relationship between patterns observed at the dams and the distribution of adults in spawning
areas throughout the Snake River Basin is not well understood. A-run steelhead are believed
to occur throughout the steelhead-bearing streams of the Snake River Basin; additionally,
inland Columbia River steelhead outside of the Snake River Basin are also considered A-run
(IDFG 1994). B-run steelhead are thought to be produced only in the Clearwater, Middle
Fork Salmon, and South Fork Salmon Rivers (IDFG 1994).

Half-pounders—The half-pounder(terminology of Snyder 1925) is an immature
steelhead that returns to fresh water after only 2 to 4 months in the ocean, generally
overwinters in fresh water, then outmigrates again the following spring. Half-pounders are
generally less than 400 mm (Kesner and Barnhart 1972, Everest 1973). Half-pounders are
only reported from the Rogue, Klamath, Mad, and Eel Rivers of southern Oregon and

4 D. McEwan, California Department of Fish and Game, Inland Fisheries Division, 1416 9th
Street, Sacramento, CA 95814. Pers. commun., May 1995.
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northern California (Snyder 1925, Kesner and Barnhart 1972, Everest 1973, Barnhart 1986);
however, it has been suggested that as mature steelhead, these fish may only spawn in the
Rogue and Klamath River Basins (Cramer et al. 1995). Various explanations for this unusual
life history have been proposed, but there is still no consensus as to what, if any, advantage
this life history affords to the steelhead of these rivers.

Rainbow and redband trout—As mentioned earlier, the speci@s mykisexhibits
varying degrees of anadromy. Nonanadromous forms of the species are usually called
rainbow trout; however, nonanadromddsmykisf the inland type are often called
Columbia River redband trout. Another form occurs in the upper Sacramento River and is
called Sacramento redband trout. Although the anadromous and nonanadromous forms have
long been taxonomically classified within the same species, the exact relationship between
the forms in any given area is not well understood. In coastal populations, it is unusual for
the two forms to co-occur; they are usually separated by a migration barrier, be it natural or
manmade. In inland populations, co-occurrence of the two forms appears to be more
frequent. Where the two forms co-occur, “it is possible that offspring of resident fish may
migrate to the sea, and offspring of steelhead may remain in streams as resident fish”
(Burgner et al. 1992, p. 6; see also Shapovalov and Taft 1954, p. 18). Mullan et al. (1992,
p. K-427) found evidence that in very cold streams, juvenile steelhead had difficulty attaining
“mean threshold size for smoltification” and concluded that “Most fish here [Methow River,
Washington] that do not emigrate downstream early in life are thermally-fated to a resident
life history regardless of whether they were the progeny of anadromous or resident parents.”
Additionally, Shapovalov and Taft (1954) reported evidend®@.ahykisanaturing in fresh
water and spawning prior to their first ocean migration; this life history variation has also
been found in cutthroat troud( clarki) and some male chinook salmdd. gshawytscha

Environmental Features

West coast steelhead are presently distributed across 15 degrees of latitude, from
approximately 49N at the U.S.-Canada border south t6N\B4t the mouth of Malibu Creek,
California. In some years steelhead may be found as far south as the Santa Margarita River
in San Diego County. Climate and geological features vary greatly across this area, resulting
in a variety of landforms and diverse patterns of vegetation, weather, soils, and water quality
parameters that affect the distribution and ecology of plant and animal species, including fish.

West Coast Ichthyogeography

Geological events—Western North America, part of the Pacific Ring of Fire, is a
geologically active region that experiences large-scale volcanic, tectonic, and glacial events.
These events affect landforms, soil types, and, therefore, drainage patterns. Headwater
transfer and stream capture events have provided dispersal opportunities for several species
of freshwater fish in various drainages; Minckley et al. (1986) summarized several examples
of these events in Oregon and California streams.
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Landforms and aquatic species distribution in the Pacific Northwest were greatly
affected by glaciation and flooding that occurred during the Wisconsin glacial age between
70,000 and 10,000 years ago (Porter 1983, Allen et al. 1986, Briggs 1986). In the late
Wisconsin glacial age, the Cordilleran ice sheet covered parts of present-day British
Columbia, Alberta, Washington, Idaho, and Montana. Although the Cordilleran ice sheet
extended only to the Puget Sound region, it affected sea level and climatic conditions much
farther south (Porter 1983). Thus, much of present-day patterns of landform and
zoogeography in western North America evolved in the last 10,000 years.

Ecoregions—Omernik (1987) delineated 13 ecoregions within the freshwater
distribution of west coast steelhead based on soils, land use, land surface form, and potential
natural vegetation (Table 2). The ecoregions occupied by west coast steelhead can be
grouped by climatic regions.

The north coastal region includes rivers and streams draining the Coast Ranges of
Washington, Oregon, and northern California. Climate in this area is under maritime
influence and, therefore, includes abundant precipitation (primarily in the form of rain),
summer fog, and moderate temperatures (Jackson 1993). Vegetation in this region is
dominated by conifers, Sitka sprué¢ddea sitchens)sn the north and coast redwood
(Sequoia sempervirenm the south (Donley et al. 1979, Jackson 1993).

In the south coastal region, south of Point Piedras Blancas, coastal rivers and streams
drain directly from the South Coast Range, and from the Transverse and Peninsular Ranges
of southern California to the coastal plain. This area is much drier than the north coastal
strip. Vegetation is dominated by chaparral, coastal scrub, and grassland (Donley et al.
1979).

The western lowlands include the Puget Lowland in Washington and the Willamette
Valley in Oregon. These areas include the rain shadows of the Coast and Olympic Mountain
Ranges and the foothills of the taller Cascade Range; they receive a moderate amount of
precipitation compared to regions east and west of them. Vegetation within these valleys is
primarily grassland, with oak woodlands occurring in the foothills and coniferous forest
dominant at higher elevations.

The Central Valley of California is positioned between the Coast Range and the
Cascade and Sierra Nevada Ranges. It is warmer and drier than the western lowlands.
Native vegetation in the Central Valley was bunchgrass prairie (Donley et al. 1979). The
intermountain valleys of the western lowlands and Central Valley of California are now
productive agricultural areas.

The rivers and streams of the Columbia Basin ecoregion (Omernik 1987) are in the
rain shadow of the Cascade Mountain Range. The vegetation in this zone includes pine,
juniper, and sagebrush. Streamflow is provided by snowmelt and springs. Many rivers in
this region experience extreme ranges in water temperature.

The northern Rockies zone includes the high elevation Clearwater and Salmon River
Basins of arid north-central Idaho. The region is dominated geologically by the Idaho
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Table 2. Ecoregions (Omernik 1987) within the distribution of west coast steelhead.

Ecoregion Washington Idaho Oregon California
Coast Range v v v
Puget Lowland v
Willamette Valley v/ v/
Cascades v v
Sierra Nevada v v
Southern and Central California Plains and Hills v
Central California Valley v
Southern California Mountains v
Eastern Cascades Slopes and Foothills v v v
Columbia Basin 4 v
Blue Mountains v v

v

Snake River Basin/High Desert

NN SN S

Northern Rockies Ve
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Batholith, which is composed of highly erosive granitic soils (see Matthews and Waples
1991 for a discussion on the effects on water quality and productivity).

Ichthyogeographical classificatior—Several authors have published
ichthyogeographical studies for western North America (e.g., Snyder 1907, Moyle 1976,
McPhail and Lindsey 1986, Swift et al. 1993). Within the range of west coast steelhead, five
major freshwater ichthyogeographic regions have been described (Snyder 1907, Moyle 1976,
McPhail and Lindsey 1986): Chehalis, Columbia, Klamath, Sacramento-San Joaquin, and
South Coastal Drainages. Although anadromy provides steelhead with distribution
opportunities not available to freshwater species, it is instructive to consider the distribution
of freshwater species for evidence of potential mechanisms of reproductive isolation between
steelhead populations, and for evidence of environmental parameters that address the
guestion of ecological diversity of the species.

Marine and estuarine ichthyogeography—Along the U.S. Pacific Coast, there are
two points where marine fish distribution and abundance markedly change: Cape Mendocino
(Allen and Smith 1988) and Point Conception (Briggs 1974); both are in California.
Environmental conditions that differ north and south of these points (e.g., ocean currents,
upwelling, temperature, productivity) may affect anadromous fish as well as marine species.

Monaco et al. (1992) grouped west coast U.S. estuaries that have similar species
assemblages. Their findings were largely consistent with ichthyofaunal distribution changes
in the vicinity of Cape Mendocino and Point Conception. Monaco et al. (1992) also
identified an assemblage within the inland estuaries of Puget Sound and Hood Canal in
Washington (Fjord Group). Other estuary groupings are less clear geographically and seem
to depend more on estuarine characteristics rather than on location.

Hydrology

Streamflow patterns show several geographic trends. Month of peak flow is delayed
with decreasing latitude, shifting from December in Washington and northern Oregon to
January from the Alsea River, Oregon south to Point Arena, California, to February from
Point Arena south to Big Sur, and to March in southern California (Hydrosphere 1993). In
northern Washington there are often two peaks in streamflow, the larger December peak
caused by precipitation (often a rain-on-snow event) and a smaller peak in spring caused by
snowmelt. Rivers in Oregon and California usually have one peak streamflow month
(Hydrosphere 1993). Additionally, northern streams have greater discharge per watershed
area, longer periods of peak flow, and more consistent base flow than southern streams.
Many coastal streams from southern Oregon to southern California experience seasonal
intermittent flows, including physical isolation from the ocean through formation of sand
berms. When a sand berm forms, through a combination of low streamflow and ocean
transport of sand, it functions as a dam, creating a lagoon in the lower stream reach. In
periods of drought, these closures may persist for extended periods of time—even years
(Snider 1983, Titus et al. in press). This affects access to salt water by juvenile steelhead and
access to freshwater spawning areas by adult steelhead.
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Steelhead Life History and Ecology

Oncorhynchus mykissxhibit perhaps the most complex suite of life history traits of
any species of Pacific salmonid. They can be anadromous or freshwater resident (and under
some circumstances, apparently yield offspring of the opposite form). Resident forms are
usually called rainbow, or redband, trout. Those that are anadromous can spend up to 7 years
in fresh water prior to smoltification, and then spend up to 3 years in salt water prior to first
spawning. The half-pounder life history type in southern Oregon and northern California
spends only 2 to 4 months in salt water after smoltification, then returns to fresh water and
outmigrates to sea again the following spring without spawning. Another life history
variation is the ability of this species to spawn more than once (iteroparity), whereas all other
species oDncorhynchusexceptO. clarki, spawn once and then die (semelparity).

Migration and Spawn Timing

The most widespread run type of steelhead is the winter (ocean-maturing) steelhead.
Winter steelhead occur in essentially all coastal rivers of Washington, Oregon, and
California, south to Malibu Creek. Summer (stream-maturing) steelhead, including spring
and fall steelhead in southern Oregon and northern California, are less common; for example,
on the Oregon coast only the Rogue, Umpqua, and Siletz Rivers have natural populations of
summer steelhead. Inland steelhead of the Columbia River Basin, however, are essentially
all stream-maturing steelhead; as discussed earlier, these inland steelhead are referred to in
terms of A-run and B-run.

Available information for natural populations of steelhead (Table 3) reveals
considerable overlap in migration and spawn timing between populations of the same run
type. Moreover, there is a high degree of overlap in spawn timing between populations
regardless of run type. California steelhead generally spawn earlier than those in areas to the
north; both summer and winter steelhead in California generally begin spawning in
December, whereas most populations in Washington begin spawning in February or March.
Relatively little information on spawn timing is available for Oregon and Idaho steelhead
populations. Among inland steelhead, Columbia River populations from tributaries upstream
of the Yakima River spawn later than most downstream populations.

Ageing

Steelhead exhibit great variation in smolt age and ocean age both within and between
populations, but there are some trends.

Smolt age—Smolt age discussed here is based on scale and otolith data from adult
steelhead. The emphasis on adult steelhead is based on the assumption that fish surviving to
spawning age are expressing the successful and adaptive life history strategy for steelhead in
a given geographical location. Steelhead from British Columbia and Alaska most frequently
smolt after 3 years in fresh water (Withler 1966, Narver 1969, Sanders 1985). In most other
populations for which there are data, the modal smolt age is 2 years (Table 4). Hatchery
conditions usually allow steelhead to smolt in 1 year; this difference is often used by
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biologists to distinguish hatchery and wild steelhead. There appears to be an increase in the
frequency of naturally produced 1-year-old smolts in the southern portion of the steelhead
range (Table 4). Withler (1966) suggested that there may be a latitudinal cline in steelhead
smolt age; however, Titus et al. (in press) found no statistical evidence for a latitudinal cline
in steelhead smolt age from California to British Columbia.

Ocean age—North American steelhead most commonly spend 2 y@aosdarn in
the ocean before entering fresh water to spawn (Table 5). Populations in Oregon and
California have higher frequencies of age-1-ocean steelhead than populations to the north,
but age-2-ocean steelhead generally remains dominant. Withler (1966) and Titus et al. (in
press) found that ocean age at spawning (and mean adult length) increased with increasing
latitude.

Total age—For most steelhead populations, total age at maturity can be estimated by
adding the smolt age and saltwater age. However, summer steelhead (especially in the
Columbia River Basin) enter fresh water up to a year prior to spawning, and that year is
generally not accounted for in the saltwater age designation; for example, a 2-ocean steelhead
from the Yakima River may actually have 3 years between smolting and spawning. Table 6
shows the most common life history patterns expressed by North American steelhead from
several river basins. Most steelhead in Alaska and British Columbia are 3/2 (smolt age/ocean
age) and have a total age of 5 years at first spawning. For coastal steelhead in Washington,
Oregon, and northern California, the modal total age at maturity is 4 years (2/2). Central and
southern California steelhead appear to spend less time in the ocean, and they are dominated
by 3-year-old (2/1) spawners. Complete life history data for southern California steelhead
are lacking; however, it appears that it is common for these fish to smolt in 1 year (CDFG
1995). If they only have one ocean year, as neighboring populations to the north do, then
adults may be spawning as 2-year-olds (1/1) in this region.

Determining total age at maturity for inland steelhead of the Columbia River Basin is
complicated by variations in reporting methods. Generally, these fish spend a year in fresh
water prior to spawning and this is not included in the age designation. Therefore, by adding
1 year after freshwater entry (indicated herghasnost Columbia River inland steelhead are
4 years old at maturity (2. An exception is the Klickitat River; if these steelhead also
spend a year in fresh water before spawning, they are dominated by 5-year-old spawners
(2/2"Y). Most of the available age data for Snake River steelhead are based on length
frequency; smolt age is often assumed or not reported. The data that are available from
scales show a high degree of variability in age structure, from 4-year-old spawn@éysn2/1
the Clearwater River (Whitt 1954) to 7 year-old spawners'j3df8the South Fork Salmon
River (BPA 1992).

Repeat Spawning

As noted above, most specieSarfcorhynchuslie after spawning, where@s mykiss
may spawn more than once. The frequency of multiple spawnings is variable both within
and among populations (Table 7). For North American steelhead populations north of
Oregon, repeat spawning is relatively uncommon, and more than two spawning migrations is
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rare. In Oregon and California, the frequency of two spawning migrations is higher, but
more than two spawning migrations is still unusual. The largest number of spawning
migrations for which we found data was five, from the Siuslaw River, Oregon (Bali 1959).
Iteroparous steelhead are predominately female.

Resident Fish

Although we have defined steelhead as anadroi@ounsykissthere are areas where
the separation between rainbow or redband trout and steelhead is obscured. In areas where
anthropogenic barriers have isolated populatior@.afykissthese landlocked populations
could conceivably residualizand, therefore, continue to exist in the nonanadromous form.
Similarly, the mouths of some rivers in Oregon and California close seasonally, forming
lagoons (during droughts, these rivers may remain closed for extended periods of time—even
years). Again, landlocke@. mykissn these systems could residualize. In some inland
populations, growth rate can cal@emykisgo residualize (Mullan et al. 1992); this
apparently involves both fish that grow too quickly and those that grow too slowly.

Steelhead Genetics

Previous Studies of Population Genetic Structure

Protein electrophoresis—Allendorf (1975) first distinguished two major groups of
O. mykissn Washington, Oregon, and Idaho, separated geographically by the Cascade Crest;
he termed these groups inland and coastal. These two groups have large and consistent
differences in allele frequency that apply to both anadromous and resident forms.
Subsequent studies have supported this finding (Utter and Allendorf 1977, Okazaki 1984,
Schreck et al. 1986, Reisenbichler et al. 1992), and similar differences have been identified
betweerO. mykisdrom the interior and coastal regions of British Columbia (Huzyk and
Tsuyuki 1974, Parkinson 1984).

Several genetic studies since the mid-1970s have used protein electrophoresis to
examine population structure in coastal or inl@nanykiss Allozyme studies of coastal
Oregon steelhead have been reported by Hatch (1990) and Reisenbichler et al. (1992). Hatch
(1990) surveyed 13 protein-coding loci in steelhead from 12 hatcheries and 26 coastal rivers
or tributaries in Oregon. He found evidence for a north-south cline in allele frequencies in 5
of the 13 enzyme systems analyzed, but only in river basins larger than 35Bi&ith also
reported that “the area south of the Coos River was marked by sharp transition in four
enzymes...” (p. 17) and that “the pattern of several alleles ending their detectable Oregon

> ResidualO. mykissare those that have an anadromous lineage but are themelves
nonanadromous; the term was first proposed by Ricker (1938) in describing life-history
variations inO. nerka The change in life history may be the result of a physical or
physiological barrier to migration (e.g., a dam, or slow growth that precludes smoltification).
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presence just north of Cape Blanco suggests that there is a less than average amount of
straying between the populations north and south of this feature” (p. 33).

Reisenbichler et al. (1992) examined 10 polymorphic gene loci in steelhead from 37
natural and hatchery populations in the Pacific Northwest, including 24 from the Oregon
coast and two in northern California (Trinity River summer-run and Mad River Hatchery
winter-run). They did not discuss clines in allele frequencies; instead, they found evidence
for genetic differentiation between some clusters of populations. For example, steelhead
north of the Umpqua River formed a separate cluster from steelhead in southern Oregon. The
Trinity River sample was genetically similar to most of the Rogue River samples, but
steelhead from the Mad River Hatchery were genetically distinct from other hatchery and
natural populations in California and Oregon.

As part of previous ESA status reviews, NMFS biologists analyzed genetic variability
at 39 polymorphic gene loci in 20 samples of coastal steelhead from the Nehalem River in
northern Oregon to the Eel River in northern California (Busby et al. 1993, 1994). These
studies found evidence for three genetic groups of populations in the area sampled: Oregon
coast north of Cape Blanco (3 samples), Cape Blanco to the Klamath River Basin, inclusive
(13 samples), and south of the Klamath River Basin (4 samples). Little geographic pattern
was evident for samples from the area between Cape Blanco and the Klamath River.
Redwood Creek, the first major stream south of the Klamath River, appears to be in a
transitional zone; the sample from this stream is similar to the southern group but also has
some genetic affinity with samples from the Klamath River and areas to the north. The sharp
transition in allele frequencies for steelhead populations in this area is apparent in Figure 4 of
Busby et al. (1994).

Berg and Gall (1988) examined genetic variability at 24 polymorphic loci in 31
California populations “known to have been inhabited by anadromous rainbow trout prior to
the major water projects of the twentieth century” (p. 123). Twenty-three of their samples
were from the upper Sacramento River Basin, three were from the upper Klamath River
Basin, and the remaining five were from coastal streams from Eel River to San Diego
County. Sample sizes averaged about 30 fish per population and ranged from a high of 57 to
a low of 7. Berg and Gall (1988) found relatively high levels of genetic variability but no
clear geographic patterns in the genetic relationships among populations.

Reisenbichler and Phelps (1989) found variation at 19 gene loci in steelhead from 9
drainages in northwestern Washington (primarily the Olympic Peninsula). However, they
found genetic differences between drainages to be much smaller than had been reported by
Parkinson (1984) for steelhead populations from adjacent drainages in British Columbia.
Reisenbichler and Phelps (1989) and Reisenbichler et al. (1992) suggested that since both
Washington and Oregon had far more extensive hatchery steelhead programs in the 1970s
and early 1980s than did British Columbia, the relative homogeneity among populations in
these states may be due to introgression of hatchery fish into naturally spawning populations.
Furthermore, during that period, hatcheries in both Oregon and Washington predominately
used steelhead that had originated from one or two within-state sources (the Alsea River
stock in Oregon and the Chambers Creek and Skamania stocks in Washington). However,
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Hatch (1990) pointed out that the geographic area covered by the Reisenbichler and Phelps
(1989) study (natural populations collected primarily from a 70 km stretch of coastline)
might be too small to allow a direct comparison with the British Columbia study.

As part of a comprehensive effort to inventory wild stocks of anadromous salmonids,
the Washington Department of Fish and Wildlife (WDFW) recently published a report of the
first year of genetic analyses for steelhead populations. Phelps et al. (1994) reported new
data for 56 variable gene loci for 12 natural and 8 hatchery populations, primarily in Puget
Sound and the lower Columbia River. Furthermore, WDFW data for additional samples
allowed the investigators to conduct analyses on 30 different populations. With few
exceptions, usually involving hatchery stocks, Phelps et al. found statistically significant
differences between all pairs of populations. This contrasts with results of Reisenbichler and
Phelps (1989), who generally failed to find significant differences between populations on
the Washington coast.

Phelps et al. (1994) used several different methods to examine population structure.
One consistent result was a high degree of genetic similarity among samples from winter-run
steelhead hatcheries, including those from Puget Sound (Skykomish River, Chambers Creek,
Tokul Creek), Olympic Peninsula (Bogachiel River), and the Columbia River (Skamania,
Beaver Creek). Relationships among the remaining Puget Sound samples were less clear.
For example, the summer-run sample from Deer Creek showed affinities to winter-run fish
from the North Fork Stillaguamish River (to which Deer Creek is a tributary), to summer-run
fish from the Skykomish River Hatchery, or to no populations in particular, depending on the
analysis.

Phelps et al. (1994) also considered data for 14 samples of steelhead from the
Columbia River in their study. Summer-run samples from the Wind and Washougal Rivers
in the lower Columbia River were outliers in the analyses. The Wind River sample contained
an allele at a frequency of 15% that was not found in steelhead in any other sample analyzed
by Phelps et al. (1994), and this presumably is responsible for the distinctiveness of the Wind
River sample. As expected, Phelps et al. (1994) found that inland steelhead were genetically
distinct from the samples of coastal steelhead examined. The inland group was represented
primarily by six samples from the Klickitat River, with additional samples from Big White
Salmon River, Satus Creek in the Yakima River Basin, and Wells Hatchery in the middle
Columbia River. The relationships among these samples are difficult to determine from the
results presented by Phelps et al. because the patterns of genetic affinity differed among the
various analyses they used.

Phelps et al. (1994) examined their genetic data for evidence of the effects of hatchery
fish on natural populations. The presence, in most cases, of statistically significant
differences between the hatchery and natural samples of steelhead suggests that at least some
native population structure remains. In addition, Phelps et al. found eight loci that had alleles
at relatively uniform frequencies among the winter-run hatchery steelhead populations that
could be used as indicators of the degree of introgression into natural populations. Based on
this analysis, they concluded that the Cedar River, Deer Creek, North Fork Skykomish, North
Fork Stillaguamish River, Wind River, Washougal River, and Big White Salmon River
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populations had limited amounts of hatchery introgression and that the Green River,
Skykomish River main stem, Tolt River, Raging River, and Pilchuck River had moderate to
large amounts of hatchery introgression. Because the “marker” alleles only occurred at
frequencies of a few percent even in the hatchery steelhead stocks, these conclusions should
be regarded as tentative.

Phelps et al. (1994) also found large genetic distances (about three times as large as
the distance between inland and coastal steelhead) between four widely used rainbow trout
hatchery stocks from Washington and all steelhead populations examined. They concluded
that there has been little, if any, permanent genetic effect on the sampled steelhead
populations from the widespread stocking of rainbow trout over the past century. Campton
and Johnston (1985) found a different result for s@mmykisgopulations in the Yakima
River Basin, where they found evidence for introgression of non-native rainbow trout into
wild populations. However, the affected populations were believed to be nonanadromous,
and Campton and Johnston (1985) found no evidence for introgression of hatchery rainbow
trout (or steelhead from Skamania Hatchery) into natural steelhead populations in the
Yakima River.

Leider et al. (1995) reported preliminary results for an additional 55 samples of
steelhead and wild resident rainbow trout from Washington. These samples considerably
extended the geographic coverage in the WDFW data set for the Olympic Peninsula and
southwest Washington coast. The most important result of the new samples is that they
revealed considerably more geographic coherence to the population genetic structure of
coastal steelhead in Washington than had been evident in previous studies. In the analyses of
Leider et al. (1995), the patterns of genetic affinity among populations differed somewhat
depending on the distance metric used, and some samples were outliers with no clear affinity
to any group. In general, however, samples from the following geographic areas tended to be
more similar to one another than they were to samples from other areas: north Puget Sound
(including the Stillaguamish River and drainages to the north), south Puget Sound, Olympic
Peninsula, southwest Washington, and lower Columbia River (Kalama, Wind, and
Washougal Rivers). Notable genetic outliers included the Nooksack River and the Tahuya
River. The genetic relationships among these geographic areas do not appear to be well
resolved because the pattern of affinities differed substantially among analyses.

Inland O. mykissvere represented by 48 samples in the Leider et al. (1995) study.
Analyses based on Nei’'s (1978) and Cavalli-Sforza and Edward’s (1967) distances both
found consistent differences between samples from the Yakima and Klickitat River Basins,
and both analyses also showed that samples from Wells Hatchery were outliers within the
inland group. No samples from natural populations in the upper Columbia River were
included in the Leider et al. (1995) study. Leider et al. acknowledged some uncertainty in
identifying the boundary between inland and coastal forms, but on the basis of genetic data
tentatively placed it between the Wind and Big White Salmon Rivers.

Several other genetic studies have included steelhead from the Columbia River Basin.
Reisenbichler et al. (1992) focussed on steelhead from coastal streams but also included 10
samples from the Columbia River Basin. Within their study, they found the greatest degree
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of genetic differentiation between the inland and coastal forms. Within the inland group, four
samples from the Snake River and three from the Deschutes River formed separate genetic
clusters. The three samples Reisenbichler et al. (1992) examined from the upper Willamette
River formed the most distinctive subgroup within the coastal group.

The study of Schreck et al. (1986), which examined life history and morphological
features as well as biochemical genetics, included the greatest number and geographic range
of steelhead samples from the Columbia River of any study to date. Again, they found the
largest differences between steelhead from east and west of the Cascades. Coastal forms
from west of the Cascades could be further partitioned into a subgroup from the upper
Willamette River, a subgroup from the lower Columbia River, and a subgroup containing
samples from both the lower Columbia and Willamette Rivers. East of the Cascades,
Schreck et al. also found evidence for differentiation among populations but only a weak
geographic pattern to the observed structure.

Hershberger and Dole (1987) examined samples from nine populations of inland
steelhead from tributaries of the Columbia River between Rock Island and Chief Joseph
Dams. They found 20 polymorphic gene loci but relatively little genetic differentiation
among populations from the Wenatchee, Methow, Entiat, and Okanogan Rivers. In contrast,
they found relatively large allele frequency differences between these samples and a sample
of coastal steelhead from the Skamania River.

Currens and Schreck (1993) examined genetic and meristic variation in adult
steelhead used for broodstock in the Umatilla River and in samples from 13 populations of
O. mykissn the Umatilla River Basin. They found significant allele frequency differences
among populations but no strong geographic patterns. Results suggested that steelhead from
one population (McKay Creek) were the offspring of native and introduced rainbow trout.
Currens and Schreck (1993) did not compare genetic data for the Umatilla River samples to
data for other populations in the Columbia River Basin, but they did cite unpublished
meristic data that distinguished Snake River steelhead from those in the middle and upper
Columbia River.

Milner and Teel (1985) examined steelhead from 13 localities in the Snake River and
found three major genetic clusters: one including four Salmon River samples, another
including three samples from the Lochsa and Selway Rivers in the Clearwater River Basin,
and a third including Dworshak National Fish Hatchery (NFH), several samples from the
lower Clearwater River, and one sample each from the Grande Ronde and Imnaha River
Basins.

Waples et al. (1993) summarized genetic data based on 50 polymorphic gene loci for
2 years of samples of steelhead from the Snake River. Results included the following: 1)
The two samples from Dworshak NFH were the most distinctive genetically and have
substantial allele frequency differences compared to all other natural and hatchery samples.
2) Natural samples from the Clearwater River differed somewhat from those from other
drainages, and there was weaker evidence for differentiation between steelhead from the
Grande Ronde, Imnaha, and Tucannon Rivers (Salmon River populations were not included
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in the experimental design). 3) In general, differences between temporal samples from the
same stream were smaller than differences between geographic populations.

The steelhead population in Dworshak NFH is derived from native fish from the
North Fork Clearwater River that were brought into the hatchery in 1969 when Dworshak
Dam blocked access to their native habitat. To evaluate whether the distinctive genetic
characteristics of Dworshak NFH steelhead might be the result of genetic changes in the
hatchery (for example, spawn timing has been shifted in the hatchery, and there may have
been selection for large fish, at least in the early years of the program), we examined genetic
profiles for a limited number of gene loci scored in samples from the hatchery dating back to
1972 (Milner 1977 and Te®l These data show some variation over time but do not show a
trend toward greater divergence from natural populations in more recent samples.
Broodstock data, which show that over 1,000 adults were spawned at the hatchery each year
since 1969, also fail to provide evidence for a population bottleneck that might have caused
substantial allele frequency changes due to drift. In the future, we hope to compare genetic
profiles of Dworshak NFH fish with populations of residéntmykissn the North Fork
Clearwater River, provided that native populations that have been largely unaffected by
releases of hatchery rainbow trout into Dworshak Reservoir can be identified.

DNA—In recent years, genetic methods that analyze DNA variation directly have
seen increasing use in salmonid studies, and we are aware of two studies of mitochondrial
DNA (mtDNA) that assess population structure in steelhead. In a study that remains
unpublished, Burok&examined restriction-fragment-length polymorphisms in mtDNA from
120 individuals from 23 major river systems from Alaska to California. He found no
evidence for strong geographic structuring of populations, as most of the common clonal
types were widely dispersed. However, Buroker also found that steelhead from southern
Oregon were highly diverse in mtDNA. In the 120 fish analyzed, 18 different mtDNA clonal
types were observed. These clones were clustered into four lineages, all of which overlap in
southern Oregon. The 12 fish examined from the Rogue River had 6 of the 18 mtDNA
clonal types observed in the study.

In another study, Nielsen (1994; see also Nielsen et al. 1994) sequenced part of the
D-loop section of mtDNA in 37 samples of steelhead and rainbow trout in California and
found that a different mtDNA clonal type was the most common in each of three geographic
regions: north coast (Humboldt Bay to Gualala Point), central coast (Russian River to Point
Sur), and south coast (San Simeon Point to Santa Monica Bay). These regions were defined
through a combination of genetic and ecological (primarily ocean upwelling and plankton

6D. Teel, unpubl. data. National Marine Fisheries Service, Northwest Fisheries Science
Center, 2725 Montlake Boulevard East, Seattle, WA 98112-2097.

"R. Roseburg, USFWS, P.O. Box 18, Ahsahka, ID 83520. Pers. commun., November 1994.

8 N. Buroker, 21617 88th Ave. West, Edmonds, WA 98026. Pers. commun., March 1993.
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distribution) information (Nielséf. Nielsen also found significant differences between the
regions in allele frequencies at a nuclear DNA microsatellite locus.

Neeley (1995) performed some additional statistical analyses on Nielsen’s data and
some new mtDNA data collected specifically for the status review (Cramer et al. 1995).
Neeley used principal components analysis to summarize variation at all 13 mtDNA alleles
reported by Nielsen. The first two principal components together explained 70% of the total
variation, and Neeley compared scores for each population on these two principal
components to a ranked indicator of their latitude. Simple and multiple regression analyses
suggested a partitioning of the populations into three groups based on latitude, with the
boundary between the northern and central groups occurring just north of the Russian River,
and the boundary for the central and southern groups occurring just south of the San Lorenzo
River. Additional variation exists in the mtDNA data that is not explained by the first two
principal components or the three-group partition, but no clear geographic patterns to this
variation could be detected.

Chromosomal studies—Chromosomal karyotypes in steelhead and rainbow trout
have also been extensively studied (see review in Thorgaard 1983). In a survey of steelhead
from Alaska to central California, Thorgaard (1983) found that although chromosome
numbers ranging from 58 to 64 were observed, a 58-chromosome karyotype was the most
common in most samples. In contrast to results for studies of morphological and allozyme
characters, Thorgaard did not find chromosomal differences between interior and coastal
O. mykisgopulations. All interior/redband trout populations had predominately 58
chromosomes, as did most coastal rainbow trout and steelhead populations.

The exceptions to the 58-chromosome pattern, however, provide insight into
population genetic structuring @. mykiss Two geographic regions were characterized by
steelhead with 59 or 60 chromosomes: the Puget Sound/Strait of Georgia region and the
Rogue River/northern California region. However, the karyotypes of fish from these two
regions were different; northern fish with 59 or 60 chromosomes had a different number of
subtelocentric and acrocentric chromosomes than did southern fish (Thorgaard 1977).
Farther south, winter steelhead in the Mad and Gualala Rivers from northern California and
resident trout from the San Luis Rey River in southern California had 61-64 chromosomes
(Thorgaard 1983).

Although Thorgaard’s (1983) study showed that an unusual 60-chromosome
karyotype exists in the Puget Sound region, sampling in that study was limited to a very few
populations. Ostberg and Thorgaard (1994) examined additional populations in the area and
found the 60-chromosome karyotype in presumed native steelhead from the Nooksack,
Cedar, and Stillaguamish Rivers.

J. Nielsen, Hopkins Marine Laboratory, Ocean View Boulevard, Pacific Grove, CA 93950.
Pers. commun., November-December 1994, and January 1995.
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Comparison of Steelhead and Rainbow Trout

Allendorf (1975) found that the genetic distinction between coastal and inland
O. mykissapplies to both life history forms; that is, rainbow trout east of the Cascades are
genetically more similar to steelhead from east of the Cascades than they are to rainbow trout
west of the Cascades. Many recent studi€3. ahykisdhave focussed on either rainbow
trout or steelhead and thus provide no direct information about the relationship between the
forms on a finer geographic scale. However, Leider et al. (1995) included several new
samples of rainbow trout from the Elwha and Cedar Rivers in their study of steelhead
populations in Washington and found that their results “support the hypothesis that the two
forms were not reproductively isolated from each other.” Leider et al. also concluded that,
based on preliminary analysis of data collected previously for the Yakima and Big White
Salmon Rivers (Pearsons et al. 1994, Phelps et al. 1990), wild resident rainbow trout in those
streams would be indistinguishable from steelhead. In addition, some protein electrophoretic
studies that have reported data only for rainbow trout probably also included samples of
steelhead (K. Curre#$. For example, in the John Day River, an Oregon tributary of the
Columbia River, genetic differences betw&ermmykisdrom the North and South Forks were
larger than differences between presumed steelhead and rainbow trout in the South Fork
(Currens et al. 1987). In the Deschutes River, another Oregon tributary of the Columbia
River, Currens et al. (1990) found much larger genetic differences be@vesykisfrom
above and below a barrier falls, but relatively modest differences between presumed
steelhead and rainbow trout from below the falls.

In a study of mtDNA irD. mykissWilson et al. (1985) compared 19 steelhead from 4
locations in British Columbia with 19 rainbow trout from British Columbia, Alberta, and
California. No genetic differences were detected between steelhead and rainbow trout from
one British Columbia location (the lower Fraser River), but steelhead from the other three
populations showed a greater genetic affinity to each other than to rainbow trout from any of
the populations sampled. However, this result is difficult to interpret because of the small
sample sizes and the fact that there were only two localities at which both steelhead and
rainbow trout were collected. Furthermore, Buroker (footnote 8) found that the mtDNA
marker Wilson et al. (1985) used to distinguish rainbow trout was the most common type
found in his study of North American steelhead.

Gall et al. (1990) examined allozyme variation in resid@ntnykisfrom the San
Leandro Creek watershed, which drains into the east side of the San Francisco Bay. These
fish are believed to be descended from steelhead, which have not had access to this area since
the construction of Chabot Reservoir in 1875. Gall et al. (1990) found that samples from two
creeks upstream of the reservoir are genetically more similar to cOastgkisghan they
are to inland forms or to hatchery rainbow trout. Nielsen (footnote 9) compared mtDNA
haplotypes in southern steelhead with those in several California populations of r@sident
mykissand in several stocks of hatchery rainbow trout that have been stocked in coastal

K. Currens, Oregon Cooperative Fishery Research Unit, Oregon State University,
Corvallis, OR 97331. Pers. commun., May 1994,
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California streams. She found that some resident populations resemble nearby anadromous
populations in their mtDNA profiles, but others show evidence of introgression from
hatchery rainbow trout.

Run Timing

Differentiation based on timing of upstream migration in steelhead has also been
investigated by genetic methods. Allendorf (1975) and Utter and Allendorf (1977) found that
summer and winter steelhead of a particular coastal stream tended to resemble one another
genetically more than they resembled populations of adjacent drainages with similar run
timing. Later allozyme studies have supported these conclusions in a variety of geographical
areas (Chilcote et al. 1980, Schreck et al. 1986, Reisenbichler and Phelps 1989), including
the Rogue River (Reisenbichler et al. 1992). However, in each of these more recent studies,
the summer-run stocks have had some extent of hatchery introgression and therefore may not
represent the indigenous population. Furthermore, in at least some cases, interpretation of
the results may be complicated by difficulties in determining run timing of the fish sampled.

Thorgaard (1983) analyzed chromosomal variability in winter- and summer-run
steelhead from two rivers that had little history of hatchery introductions: the Quinault River
in Washington and the Rogue River in Oregon. Chromosome number differed between the
two river systems but was similar in summer and winter steelhead within each river system.

New Studies

For this status review, two types of new studies were undertaken by NMFS to
enhance our understanding of population genetic structure in west coast steelhead. First, new
samples from Idaho and California were collected for allozyme analysis. Second, recent data
collected by NMFS and WDFW were combined into a single data set to facilitate
comparisons among individual studies (Appendix A).

In 1994, the U.S. Fish and Wildlife Service (USFWS) and Idaho Department of Fish
and Game (IDFG) collected samples of steelhead from a number of natural populations in the
Clearwater and Salmon River Basins in an attempt to determine whether releases of hatchery
fish had affected the genetic structure of natural populations. Genetic analysis of these
samples performed by NMFS (Waples 1995) indicated that none of the populations in the
lower Clearwater River show evidence of substantial genetic introgression by steelhead from
Dworshak NFH, in spite of widespread outplanting in the area. The samples from the
Salmon River provided little clear insight into population structure. Two factors may have
contributed to this latter result: 1) Some of the Salmon River samples were small (about 25
fish), thus limiting power to detect population structure, and 2) the populations sampled were
among those believed most likely to have shown the effects of artificial propagation, so they
may not be a good indication of native population structure.

In order to obtain a more complete picture of genetic structure of steelhead in
California, NMFS worked with the California Department of Fish and Game to identify
natural populations dd. mykisghat could be sampled without placing local populations at
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undue risk. Through these efforts, 10 samples (generally of 40-60 juvenile fish per sample)
were collected and analyzed by NMFS for allozyme variation. Tissue samples from these
collections are also being provided to J. Nielsen for use in her continuing studies of DNA
variation in CaliforniaD. mykiss In addition, we analyzed four samples of steelhead from
southern Oregon and northern California that were collected (but not analyzed) in 1992 as
part of the status review for lllinois River winter steelhead. Important results from these new
allozyme analyses can be summarized as follows.

1) The California samples show levels of population differentiation that are
unprecedented for the species. At one IoEBALD-3*; Fig. 2), a sample from the Klamath
River was fixed for one allele and a sample from Gaviota Creek (near Santa Barbara) was
fixed for another allele. A fixed allelic difference between populations is a rare occurrence
for any Pacific salmon species, being generally encountered, if at all, only between
populations at extreme ends of a geographic range. Previously, Busby et al. (1994) found a
sharp transition in allelic frequenciesFBALD-3* in populations south of the Klamath River
drainage, but their study did not include samples from south of the Eel River.

2) More detail about population structure of California steelhead can be obtained by
examining Figures 3 and 4, which are different ways of summarizing patterns of genetic
relationships based on Nei's (1978) unbiased genetic distance values between each pair of
populations. Figure 3 is a dendrogram constructed using the unweighted pair-group method
analysis (UPGMA) with arithmetic averaging, and Figure 4 is a different representation of
the same data using multidimensional scaling (MDS). Multidimensional scaling plots allow
one to view in two or three dimensions the pattern of relationships among populations; in
contrast, a dendrogram is essentially a one-dimensional representation of the data. In
general, two-dimensional MDS plots result in less distortion of the relationships among
populations than do dendrograms, and three-dimensional plots have less distortion than
two-dimensional plots. However, complex three-dimensional analyses are often difficult to
represent in two-dimensional figures, so two-dimensional MDS plots are sometimes
preferred for data sets that involve a large number of samples.

The new samples from the Chetco River and the Trinity River Hatchery and Cole
Rivers Hatchery (Rogue River) cluster with samples previously analyzed from the Klamath
Mountains Province, but the sample from Iron Gate Hatchery (Klamath River) is somewhat
of an outlier. A new sample from the Middle Fork of the Eel River showed an affinity to the
Mad River/Eel River/Redwood Creek group identified by Busby et al. (1994). The other new
California samples were all quite different from any samples of coastal or inland steelhead
previously examined. The sample from Coleman NFH and those from Mill and Deer Creeks
(the two natural populations in the Sacramento River Basin believed to contain the most
likely remnants of native steelhead) form a small, coherent group that is quite distinct from
all other California steelhead. The remaining California samples (from Ten Mile River in
Mendocino County to Gaviota Creek and Arroyo Hondo in Santa Barbara County) formed a
cluster that diverged from the other samples at a genetic distance (Ne0<B) higher
than that previously found between coastal and inland races of steelhead (e.g., Busby et al.
1993).
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Figure 2. Variation in frequency of the "70" allele at the gene locus FBALD-3* in

34 samples of steelhead from southern Oregon to southern California
analyzed by NMFS. 1 = Nehalem R.; 2 = Yaquina R.; 3 = Bandon
Hatchery; 4 = Elk R.; 5 = Lobster Cr.; 6 = upper Butte Cr.; 7 = Cole Rivers
Hatchery; 8 = Grayback Cr.; 9 = Secret Cr.; 10 = Lawson Cr.; 11 = Indigo
Cr.; 12 = Pistol R.; 13 = Winchuck R.; 14 = Chetco R.; 15 = Smith R.;

16 = Klamath R.; 17 = Trinity R.; 18 = Redwood Cr.; 19 = Mad River
Hatchery; 20 = Mad R.; 21 = Eel R.; 22 = Middle Fork Eel R.; 23 = Ten
Mile R.; 24 = Lagunitas Cr.; 25 = Alameda Cr.; 26 = Carmel R.; 27 = San
Lorenzo R.; 28 = Scott Cr.; 29 = Whale Rock Hatchery; 30= Arroyo Hondo
Cr.; 31 = Gaviota Cr.; 32 = Coleman Hatchery; 33 = Deer Cr.; 34 = Mill Cr.
Coastal populations 1-31 are numbered from north to south; populations
32-34 are from the Sacramento River Basin (Sac).
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Figure 3. Dendrogram based on unweighted pair-group method analysis (UPGMA) clustering
of pairwise genetic distance values (Nei 1978) among 33 hatchery (-H) and natural
steelhead populations from southern Oregon to southern California. Analysis was
based on data for 51 polymorphic gene loci scored in samples analyzed by NMFS.
Sample names and numeric codes correspond to those in Appendix A. :
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In spite of the large interpopulational genetic differences, the pattern of population
structure south of the Eel River is not entirely clear from the allozyme data. The MDS plot
(Fig. 4) shows the magnitude of the diversity but also illustrates the difficulty in drawing
inferences about geographic population structure. For example, the two samples from Santa
Barbara County are genetically quite divergent but are not similar to each other. In the
allozyme analysis, we found only modest genetic differences between the samples from Ten
Mile River and Lagunitas Creek (a tributary of Tomales Bay), both of which are north of San
Francisco, but we also found that these samples were more similar to the sample from Whale
Rock Hatchery (near San Luis Obispo) than they were to the geographically closer samples
from the San Francisco-Monterey area (Scott Creek, Carmel River, and San Lorenzo River).

3) Our allozyme analysis is consistent with Nielsen’s (1994) mtDNA study in finding
a high degree of interpopulational differentiation within California. The allozyme data also
support Nielsen’s finding of large genetic differences among samples from southern
California. One notable difference in the two analyses is that, whereas Nielsen found
substantial differences in the frequencies of some mtDNA alleles between samples from
Mendocino and Marin Counties, we did not (as evidenced by the relative similarity between
the Ten Mile River and Lagunitas Creek allozyme samples).

4) To examine possible explanations for the distinctive genetic characteristics of the
samples from the Sacramento River, we performed another analysis that included data for
five rainbow trout samples provided by WDFW, including the four that Phelps et al. (1994)
used in their comparisons with Washington state steelhead. This new analysis (Figs. 5 and 6)
showed that steelhead from the Sacramento River are genetically more similar to these
rainbow trout populations than they are to coastal steelhead populations from California.
This could be the result of integration of rainbow trout into the steelhead broodstock at
Coleman NFH and subsequent effects of Coleman NFH strays or outplants on natural
populations in the Sacramento River; the difficulty of distinguishing between
nonanadromous and anadrom@uanykissluring broodstock collection in the upper
Sacramento River has been described by several authors (e.g., Hallock et al. 1961, Behnke
1992, Cramer et al. 1995). On the other hand, this genetic similarity could simply reflect
ancestral relationships, since the origins of most of the present-day rainbow trout stocks can
be traced to collections of anadromous and nonanadrotaugkissrom the McCloud
River in the Sacramento River Basin made early in the century (Behnke 1992).

To facilitate direct comparisons among recent collections by WDFW (whose samples
are all from within Washington state) and NMFS (whose new data are primarily from the
Snake River, Oregon, and California), the two agencies collaborated to integrate their genetic
data for steelhead into a single data set. Lead scientists for this collaboration were Stevan
Phelps from WDFW and Paul Aebersold from NMFS. Extensive inter-laboratory
communication that included exchange of recipes and procedures and detailed review of
photographic records indicated a high degree of consistency in data for the two agencies.

To reduce the number of samples in the analysis, collections from different years
within locations were combined to form single pooled samples for each location. This
combined data set includes information for samples from 100 natural populations of
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Figure 5. Dendrogram based on unweighted pair-group method analysis (UPGMA) clustering
of pairwise genetic distance values (Nei 1978) among 33 hatchery (H) and natural
steelhead populations from southern Oregon to southern California and 5 hatchery
stocks of rainbow trout (RT) from Washington. Analysis was based on data for 40
polymorphic gene loci scored in samples analyzed by NMFS (steelhead) and
WDFW (rainbow trout). Sample names and numeric codes correspond to those in
Appendix A.
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steelhead and rainbow trout and 3 steelhead hatcheries. To account for some differences
between laboratories in the suite of gene loci examined, the number of polymorphic gene loci
used in this combined data set (42) was slightly less than the full complement used by either
NMFS or WDFW in their individual analyses. Therefore, those individual studies provide
more detailed information about genetic relationships within particular geographic areas.
Nevertheless, the combined data set provides the broadest geographic coverage to date for a
data set that takes advantage of significant advances in recent years in the number of genetic
markers forO. mykiss Results of analyses of this data set are shown in Figures 7 and 8.

These figures show clearly the major difference between coastal and inland forms.
The position of one of the Klickitat River samples, #94 (Bowman Creek), which is not
clearly aligned with either the inland or coastal groups in Figure 8, may reflect the genetic
influence of hatchery coastal rainbow trout overlaid upon a native inland steelhead
population (Phelg¥. Within the inland group, samples from the middle Columbia River
form a separate subgroup from those in the Snake River, with one Yakima River Basin
sample (Toppenish Creek) being an outlier. No recent genetic data are available for
populations in Columbia River tributaries upstream from the Yakima River. Dworshak NFH
was included in these figures to provide an indication of the relative distinctiveness of this
population.

Within the coastal group, the geographic differences among Washington populations
detected by Leider et al. (1995) are modest in comparison to the overall pattern of diversity
from Puget Sound to southern California. However, there are a number of coastal steelhead
samples from Washington that do not show a strong genetic affinity to any other populations.
The most notable outliers in the combined analysis were samples from the Upper Chehalis,
Washougal, Nooksack, and Tahuya Rivers. With the benefit of this combined data set, it is
apparent that populations south of Cape Blanco are genetically distinct from all northern
populations. Previous analyses that considered steelhead from the Klamath Mountains
Province (Busby et al. 1993, 1994) did not include samples from Washington, so this was the
first time a direct comparison of the two groups has been possible.

The relative magnitude of genetic diversity among steelhead populations from
California is readily apparent from these figures. In the dendrogram, California samples
from south of the Eel River form a genetically diverse cluster that joins the other west coast
steelhead populations external to the inland-coastal break in Washington and Oregon.
Although California steelhead, including those in the Sacramento River, are more similar
genetically to other coastal steelhead populations than they are to inland steelhead from the
Columbia River Basin (see Fig. 8), the genetic diversity within the coastal steelhead lineage
is considerable.

11'S. Phelps, Washington Department of Fish and Wildlife, Olympia, WA. Pers. commun.,
November 1994.
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Synthesis and Discussion

The old and new genetic data from allozyme, DNA, and chromosomal studies can be
synthesized and summarized as follows:

1) All studies that have addressed the question have found large genetic differences
between coastal and inland forms (both anadromous and nonanadron@us)yiiss In
the Columbia River Basin, the boundary between the two forms occurs at approximately the
Cascade Crest. However, available data are not sufficient to determine with certainty
whether there is a transitional (perhaps intergrade) zone between the forms or whether they
remain discrete. If the two forms are discrete even in this area of closest contact, the exact
boundaries are unclear.

2) Genetic data do not support the hypothesis that winter- and summer-run steelhead
are separate monophyletic units, as appears to be the case with inland and coastal forms.
Rather, steelhead with different run timing in the same geographic area may be genetically
more similar than either is to fish from another area with a similar run timing. This result,
however, does not mean that there cannot be genetic differences between summer and winter
steelhead in any given drainage.

3) The inland steelhead lineage is represented only by populations in the Columbia
and Fraser River Basins. Within the inland group, consistent differences are found between
populations from the Snake and Columbia Rivers, and there is also evidence for a modest
level of population differentiation between major drainages within each of these two rivers.
Steelhead from Dworshak NFH are genetically the most distinctive population within the
inland lineage.

4) Within the geographic area covered by this status review, coastal steelhead occur in
a diverse array of populations. A large group showing consistent geographic structure but
relatively modest genetic differences between populations includes most samples from Puget
Sound, coastal Washington, and the lower Columbia River. The few recent samples from
coastal Oregon north of Cape Blanco show some differences from this larger group, and
populations from the Klamath Mountains Province are genetically different from those to the
north or south. South of the Klamath River, large differences are found betwe